We present Auger electron spectroscopy ͑AES͒ spectra from epitaxial B1-NaCl-structure TiN͑001͒ layers grown on MgO͑001͒1ϫ1 by ultrahigh vacuum magnetron sputter deposition. The layers are stoichiometric with a N/Ti ratio of 1.01Ϯ0.02 as shown by Rutherford backscattering spectroscopy ͑RBS͒. AES spectra were obtained from clean TiN͑100͒ surfaces by cleaving 5-m-thick layers in situ in the Auger spectrometer at a vacuum of 2 ϫ 10 Ϫ10 Torr. For comparison, we also show spectra obtained following sputter etching for 5 min with a 3 keV Ar ϩ beam at an incident current density of 0.11 mA cm Ϫ2 in order to simulate typical ''sputter cleaning'' conditions following sample air exposure. The Ar ϩ beam was incident at an angle of 58°with respect to the cleaved surface normal ͓100͔. We show that sputter etching reduces the N/Ti ratio to 0.89 due to preferential sputtering. In the experiments, the AES spectra were collected using primary electron beam energies of 3, 5, 10, and 20 keV. © 2000 American Vacuum Society. ͓S1055-5269͑00͒00302-9͔ Keywords: transition metal nitrides; magnetron sputter deposition; AES; Ti; N; PACS: 82.80.Pv, 79.20.Fv, 81.65.Cf, 81.05 There have been several attempts ͑Refs. 3, 5-7͒ to accurately quantify AES data from TiN. For example, the N fraction has been characterized by the positive excursion of the combined N and Ti peak at 380 eV while using the negative excursion of the Ti peak at 420 eV ͑Ref. 3͒ for the Ti fraction. Dawson and Tzatzov ͑Ref. 5͒ calculate the N contribution to the combined peak at 380 eV by simply subtracting the Ti contribution. The latter was calculated from the height of the Ti L 3 M 2,3 M 4,5 peak at 420 eV, assuming that the Ti L 3 M 2,3 M 2,3 /Ti L 3 M 2,3 M 4,5 peak height ratio does not vary with the N concentration. References 5 and 6 apply target factor analysis ͑Ref. 8͒ to extract quantitative information on the film composition by fitting the experimental spectrum with a linear combination of two spectra of known composition. Zhang ͑Ref. 7͒ employed high-resolution AES to determine the N concentration from the subtle changes in the shape of the peak at 420 eV.
History & Significance: TiN coatings have gained significant technological importance because of their unique combination of properties including extreme hardness, high melting temperature ͑3222 K͒ ͑Ref. 1͒, low electrical resistivity ͑͑300 K͒ TiN͑111͒ ϭ 15 ⍀ cm͒ ͑Ref. 2͒ due to the overlap of N 2p and Ti 3d bands ͑see Ref. 3 , and references therein͒, a distinctive gold color due to interband transitions combined with a high reflectance in the red and infrared ͑see Ref. 3 , and references therein͒. TiN films are used as wear-resistant coatings, decorative gold-colored overlayers, selectively transparent coatings on architectural glass, and diffusion barriers in microelectronics. Quantitative determination of the composition of TiN by Auger electron spectroscopy ͑AES͒ is impeded by the overlap at 380 eV of the N KL 2,3 L 2,3 transition with the Ti L 3 M 2,3 M 2,3 transition. Another difficulty arises from preferential sputtering ͑Ref. 4͒ during Ar ''sputter cleaning'' of air-exposed samples.
There have been several attempts ͑Refs. 3, 5-7͒ to accurately quantify AES data from TiN. For example, the N fraction has been characterized by the positive excursion of the combined N and Ti peak at 380 eV while using the negative excursion of the Ti peak at 420 eV ͑Ref. 3͒ for the Ti fraction. Dawson and Tzatzov ͑Ref. 5͒ calculate the N contribution to the combined peak at 380 eV by simply subtracting the Ti contribution. The latter was calculated from the height of the Ti L 3 M 2,3 M 4,5 peak at 420 eV, assuming that the Ti L 3 M 2,3 M 2,3 /Ti L 3 M 2,3 M 4,5 peak height ratio does not vary with the N concentration. References 5 and 6 apply target factor analysis ͑Ref. 8͒ to extract quantitative information on the film composition by fitting the experimental spectrum with a linear combination of two spectra of known composition. Zhang ͑Ref. 7͒ employed high-resolution AES to determine the N concentration from the subtle changes in the shape of the peak at 420 eV.
Here, we provide AES spectra from clean stoichiometric single crystal TiN͑001͒ surfaces obtained by UHV cleaving, as well as spectra from surfaces subjected to Ar ϩ ion etching under conditions typical for AES analyses of air-exposed samples. The spectra were collected with 1 eV/step resolution and then differentiated using a five-point Savitzky-Golay convolution algorithm. The ratio of the differentiated peaks at 380 and 420 eV from the cleaved surface is 2.66, in good agreement with the ratio of 2.65 obtained in Ref. 5 . After Ar ϩ sputter cleaning, the N/Ti ratio is reduced to 2.28, indicating preferential sputtering. This corresponds, applying the method proposed in Ref. 5 , to a N/Ti ratio of 0.89 after sputtering.
As Received Condition: The 5.0-m-thick TiN͑001͒ films were grown in a turbomolecular pumped UHV dc magnetron growth chamber ͑Ref. 9͒ with a base pressure of 5 ϫ 10 Ϫ10 Torr ͑7 ϫ 10 Ϫ8 Pa͒ and a separately pumped sample-introduction cham-ber. The target was a 99.999% pure 7.5 cm diameter watercooled Ti disk. MgO͑001͒ substrates ͑1 ϫ 1 ϫ 0.5 mm͒ were annealed at 850°C for 5 h prior to deposition, a procedure that has been shown ͑Ref. 10͒ to produce a sharp 1 ϫ 1 RHEED pattern. Depositions were carried out at 800°C in a 30/70 N 2 /Ar mixture ͑both 99.9999% pure͒ at a total pressure of 3 mTorr with the substrates maintained at floating potential. Ar and N 2 partial pressures were monitored with a capacitance manometer. The discharge current and voltage were 0.8 A and 358 V, respectively, while the target-to-substrate separation was 6.5 cm resulting in a film deposition rate of 1.7 m/h. The composition of as-deposited films was measured by RBS using 2 MeV He ϩ ions with a scattering angle of 150°. Estimated total accumulated ion dose was 900 C. Measured spectra were analyzed using the surface height method ͑Ref. 11͒. The films were stoichiometric with N/Ti ϭ 1.01 Ϯ 0.02.
Analyzed Region: thin film cross section
Ex Situ PreparationÕMounting: The specimen was cut to a size ͑2 mm ϫ 6 mm͒ that would fit the fracture sample mounts. A jig was made to hold the sample on edge in a position that would allow a cross-section analysis of the freshly cleaved surface.
In Situ Preparation:
A PHI model 04-535 specimen fracture attachment was used to cleave the sample. After UHV fracture the film was analyzed in cross section, then ion sputtered and reanalyzed.
Pre-Analysis Beam Exposure:
The film was exposed to the electron beam for approximately 10 min prior to the first analysis. Table. 
